The existence of different auxin sensitivities in epidermal and subepidermal tissues (KV Thimann, CL Schneider 1938 Plant Physiol 25: 6274641) suggests a refinement to the Cholodny-Went theory which overcomes some ofthe difficulties associated with it. A model is presented to account for the inverse tropic responses of shoots and roots through differences in the respective locations of the auxin-sensitive tissues.
The classical concept that plant growth regulation is achieved through changing concentrations of endogenous growth substances has come under increasing attack in recent years, especially in respect to the Cholodny-Went theory which ascribes asymmetries in the growth rate of a georesponding organ to an asymmetry of auxin concentration across the organ. The formation of an auxin gradient-the major postulate of the Cholodny-Went theory (I12)-has been disputed, and even the existence of transmissible growth regulators has been questioned (4, 1 1 ). Yet no convincing alternative hypothesis has been proposed in place of the classical theory.
As a first approximation ofthe mechanism oftropic curvature the Cholodny-Went theory still has attractions. Its most obvious weakness is in respect to the growth rate changes which occur with a rapidity and in such close proximity (5) that a single transorgan gradient would seem to lack the fine tuning necessary to account for the observed diversity. Clearly the theory, if it is to survive, needs refinement. As (7) and used when the hypocotyl was approximately 1.5 cm in length. The cotyledons were detached from selected seedlings leaving the apical bud intact. A scalpel was used to longitudinally bisect the hypocotyl, one-half of which was then excised between the apical bud and the base of the hypocotyl. The growth responses accompanying geostimulation of these half-hypocotyls were followed using time-lapse recording equipment (5) . Resin bead markers permitted some quantification of the responses but the main interest attached to qualitative, rather than quantitative, aspects. Growth was compared between half-hypocotyls immersed in aqueous solution with or without IAA (10 gM, pH 5.5). The observed differences with and without auxin were not affected by the presence or absence of Ca ions (0.1 mM) in the solution (cf 9). Likewise, the contrasting responses in the presence or absence of auxin were obtained whether the experiment was carried out with freshly cut hypocotyls or with hypocotyls which had been incubated for 24 h at 10°C to allow some wound healing of the cut surface.
RESULTS AND DISCUSSION
A horizontal half-hypocotyl immersed in aqueous solution is capable of growth and curvature, especially when the epidermal surface is lowermost (Fig. 1, a and b) . On the other hand, when similarly bisected half-hypocotyls are immersed in auxin solution, geocurvature is obliterated by reason ofthe extensive growth of the epidermal surface relative to that of the cut surface (Fig.  1, c and d ). In the presence of applied auxin, the differential growth of the outer (epidermal) and inner (cortical) tissues is such as to produce a coiled configuration irrespective of the orientation of the epidermal tissue. This, it may be noted, is in accord with the view that the epidermis is a target tissue for auxin (3) . Another manifestation of the same feature is the curvature associated with Went's split pea auxin bioassay (10). This latter curvature, which is in no way a georesponse, has, nevertheless, a significance for our understanding of the events underlying geocurvature.
The produce quite the opposite effect with the result that, in the lower half, the growth rate accelerates in both tissues. This combination of arrested growth on the upper surface and accelerated growth on the lower surface, leads to curvature. It follows that even a limited transport of auxin between adjacent tissues possessing different auxin sensitivities could account for substantial differences in growth rate across the stem. This in turn would ensure that rapid changes in growth rate could take place without the need for an auxin gradient to be established across the whole organ thus providing the necessary fine tuning. It should be noted that this mechanism, which we suggest as being the basis of tropic curvature, differs from earlier models such as those of Gradmann (6) and Cholodny-Went (12) or, more recently, Iwami and Masuda (8) in that these envisage a complete trans-organ movement of hormone as a prelude to curvature. The discussion so far has been concerned only with stem tissue, but, with one important adjustment, a similar sequence of events can also account for the directional growth of roots. The Cholodny-Went theory attributed the inverse tropic responses of shoot and roots to a difference in the relative auxin sensitivities of these whole organs. We suggest that the different geotropic responses of shoots and roots is a consequence of their differing morphology. Specifically, this difference involves the spatial transposition of the auxin-stimulated tissue and its less auxin-responsive counterpart. Our model requires that in the root the auxin-stimulated tissues be located towards the interior, and be encircled by auxin-insensitive tissue (Fig. 3) . Thus, when the root is placed horizontally, the initial gravity-induced redistribution ofauxin tends to increase the auxin content and growth rate, of the auxin-sensitive tissue in the upper half of the root, and to decrease the auxin content and growth rate, of the equivalent auxin-sensitive tissue in the lower half. It has, of course, still to be established that the growth-regulating tissue in a root is located internally, in contrast to that in a shoot. But it is at least logical to suppose that such a vital component of root function would be protectively located from soil abrasion, and it is interesting that Barlow (1) concluded that, in the root, the epidermis may be 'a more passive partner in growth' in contrast to a more active role envisaged for internal tissues. Furthermore, Bridges et al. (2) found that in Zea roots, auxin was largely confined to the stelar tissues. And last, Thimann and Schneider (10) pointed out that the behavior of a split root is entirely different from that of a shoot. The halves of a split root curve in the opposite direction to that of the shoot, suggesting that distribution of tensioned and compressed tissues are reversed in the root.
In conclusion, we still envisage a role for hormonal movement in the regulation of plant growth; but we submit that movement of hormone between closely adjacent tissues differing in their responsiveness to the hormone, offers a more credible explanation of the variety and rapidity of growth rate changes in contiguous regions ofa turning and twisting plant organ than is possible in terms of the original Cholodny-Went formulation. Past arguments about the significance or otherwise of auxin gradients across tropically responding organs may well be irrelevant. It is the auxin levels in discrete and specific tissues that are of significance.
